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This study uses household-level panel data on smallholder farmers in Ethiopia to estimate how rural
population density (RPD) affects agricultural intensiﬁcation and productivity. Our results suggest that
higher RPD is associated with smaller farm sizes, and has a positive effect on input demand, represented
by increased fertilizer use per hectare. Overall, increased input use does not lead to a corresponding
increase in staple crop yields, and thus farm income declines as population density increases. This
suggests a situation where farmers in areas of high RPD may be stuck in place, unable to sustainably
intensify in the face of rising RPD and declining farm sizes.
 2014 Elsevier Ltd. Open access under CC BY-NC-ND license.Introduction
Population growth is a critical challenge facing sub-Saharan
Africa (SSA) in the twenty-ﬁrst century, as the region’s population
currently stands at 900 million people, and is projected to double
by 2050 (Population Reference Bureau, 2012). The majority of
people in SSA live in rural areas, which are experiencing rapid
population growth and declining per capita farm sizes. Therefore,
the inﬂuence of population growth on agriculture will have a large
impact on the ability of smallholder farmers to feed themselves
and their families. Despite its importance, there is little empirical
evidence on how rural population density (RPD) affects African
agriculture.
Against this backdrop, the objective of this paper is to estimate
how RPD impacts agricultural intensiﬁcation and productivity in
the SSA nation of Ethiopia. To do so, we estimate the impact of
RPD on: (1) household landholding; (2) factor and output prices
including agricultural wage rates, along with maize prices, and teff
prices; (3) fertilizer use per hectare; (4) maize and teff yields; and
(5) farm income per hectare. With a population of 92 million, that
is expected to grow to 160 million by 2050, Ethiopia is an excellent
case study to estimate the relationship between RPD and
agriculture.Issues of growing population and land constraints are promi-
nent throughout Africa, as most of the rural population resides in
densely populated areas (Jayne et al., 2012). On the surface this
may suggest an agricultural development strategy that encourages
production increases on the extensive margin, gained through
expansion of cultivation into unused areas of land. Yet, there is
some debate over the amount of unused land that actually exists
in areas where most smallholders reside. The majority of Ethiopia’s
population resides in the highland regions that have the country’s
best soils and highest rainfall. As a result, most of the arable land in
the highlands is already under cultivation. In addition, land tenure
insecurity is known to be a major factor that affects smallholder
investment in Ethiopia (Holden and Yohannes, 2002; Deininger
and Jin, 2006; Pender and Gebremedhin, 2007; Ali et al., 2011),
even although formal registration programs are being implanted
to improve land rights (Deininger et al., 2009; Holden et al.,
2009). Smallholders may be unwilling to invest in expanding their
landholding if they feel that their claim to the land is insecure.
Additionally, environmental concerns such as erosion and salina-
tion, associated with clearing land, suggest that even if possible,
such expansion may not be environmentally desirable for SSA.
Further, alternative strategies to deal with RPD, such as encourag-
ing migration from high-density to low-density regions are often
difﬁcult due to social and cultural constraints. In Ethiopia, historic
tensions resulting from land reallocation and redistribution make
such movements even more problematic.
Considering the difﬁculties associated with increasing produc-
tion at the extensive margin, increasing agricultural productivity
through sustainably intensifying output per unit of land is
2 For the sake of parsimony, we conﬂate the Eastern and Western lowlands in this
description. These are, however, quite different environments and have different
constraints for agricultural production. The constraints in the East are associated with
variable and limited rainfall, but not disease. The constraints in the West are disease,
particularly tripanosomiasis and malaria, but not rainfall. However, for this discus-
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ing how growing RPD will indirectly inﬂuence agricultural produc-
tivity and intensiﬁcation. Boserup (1965) hypothesized that
increases in RPD will lead to greater use of labor intensive inputs,
causing a shift away from long-fallow periods towards annual and
multi-cropping practices.1 Driven largely by changes in prices of
land and labor, Boserup’s hypothesis suggests that population pres-
sure will increase demands for modern inputs, ultimately increasing
productivity per unit of land. Additional theories extend this argu-
ment to the value of labor, including Hayami and Ruttan (1970).
Their theory utilizes the underlying idea that prices indirectly
encourage behavioral changes in order to adapt and survive under
changing conditions. Often referred to as the ‘‘induced innovation
hypothesis’’, Hayami and Ruttan’s theory suggests that the positive
inﬂuence RPD has on agricultural productivity occurs because the
price of labor declines relative to the price of land. This generates
demand for labor and encourages increased use of labor-intensive
inputs, such as inorganic fertilizer and modern varieties of seed,
which should ultimately increase output per unit of land.
It is also possible that RPD itself is a driver of demand for inputs
and staple crop productivity. Increasing RPD can directly affect
agricultural intensiﬁcation through improving the ﬂow of informa-
tion in an area, encouraging institutions to develop and improve,
and by reducing transaction cost. Regions with greater RPD may
be characterized by more rapid, and potentially more accurate,
diffusion of information regarding market prices, increased
availability of inputs and outputs, and lower transportation costs,
all of which can lead to increases in productivity (Foster and
Rosenzweig, 1995; Baerenklau, 2005; Conley and Udry, 2010;
McMillan et al., 2011).
We use data on Ethiopia from three sources to undertake this
analysis. First, we use six waves of household-level data from the
Ethiopian Rural Household Surveys covering 1293 households
across 15 villages. Second, we use population and land estimates,
gathered from two Geographic Information System (GIS) dat-
abases: (1) the Global Rural–Urban Mapping Project (GRUMP)
and (2) GlobCover 2009. Finally, we use qualitative data to comple-
ment the quantitative data, with information gathered from focus
group discussions conducted in Ethiopia in May of 2012.
In order to analyze the inﬂuence of changing RPD on agricul-
tural productivity and intensiﬁcation and productivity, we ﬁrst
estimate how RPD affects landholding and output prices directly.
Subsequently, we estimate the effect of RPD on intensiﬁcation,
measured as fertilizer use per hectare, maize and teff yield, and
farm income per hectare in a system of equations. We test RPD’s
direct effect on these measures of intensiﬁcation and productivity,
along with RPD’s joint indirect effect on intensiﬁcation as mea-
sured through its impact on landholding, wage rates and staple
crop prices. Because we use a six-round panel dataset, we are able
to exploit the panel structure to address some potential endogene-
ity concerns. All of these equations are estimated as linear models
utilizing the correlated random effects (CRE) estimator, which
controls for potential correlation between covariates and time-
constant unobserved heterogeneity (Wooldridge, 2010).
Our results suggest that RPD has a positive effect on input
demand, represented by increased fertilizer use per hectare. How-
ever, RPD does not have an overall effect on maize yields or teff
yields. Hence, we ﬁnd that increased RPD has a marginally signiﬁ-
cant negative effect on farm income per hectare. These results
suggest the existence of a Cochrane’s treadmill, where despite input
intensiﬁcation, there is no corresponding increase in yields, but
instead a decline in farm income (Cochrane, 1958; Levins and1 In this article, based on evidence that farmers in Ethiopia have moved away from
fallow periods due to the need to increase yield, we focus on the later part of this
transformation, after fallow periods had been eliminated.Cochrane, 1996). In this process, farmers may apply more fertilizer
in an attempt to combat declining soil fertility, and decreased fallow
periods that occur as RPD rises, in hopes of maintaining a base level
of productivity (Drechsel et al., 2001; Tittonell and Giller, 2013).
The remainder of this paper is structured as follows. The next
section presents some background on Ethiopia, considering the
nation’s institutional history and how present RPD and agricultural
practices have been historically inﬂuenced. The conceptual frame-
work and methodology are presented in Section 3. Sections 4
through 6 present the data, results, and conclusions, respectively.
Background
Historical, political, cultural, and agro-ecological factors have
played an important role in individuals’ and families’ decisions to
locate in certain areas. Highland and lowland dynamics, resettle-
ment programs, and land policy have all helped to shape the pres-
ent RPD distribution as well as agricultural practices in Ethiopia.
Highland and lowland dynamics
Highland and lowland dynamics have long inﬂuenced patterns
of settlement and treatment of land in Ethiopia. Throughout its
history, most of Ethiopia’s population has lived at relatively high
elevations, between 1500 and 2300 m. The lowlands have always
had comparatively low population densities (Pankhurt, 2009).
The highlands have many advantages that led to their early
development and corresponding greater population expansion,
including, steady rainfall and plateaus which are conducive to agri-
culture, as well as technological innovations on ox-ploughs, which
led to intensiﬁcation of production and expansion of land under
cultivation (Pankhurt, 2009). Conversely, the lowlands have been
characterized by variable and limited rainfall, shallow soils, and
disease.2 These conditions do not encourage settlement or agricul-
tural development, so technological innovations in the lowlands
did not move beyond the hoe cultivation, until recently.
Land redistribution
Despite the historical reasons why people have settled in one
region or another, the Ethiopian government has practiced land
redistribution for decades. Redistribution, often referred to as
‘‘resettlement’’, took place due to overcrowding throughout the
Ethiopian highlands. In resettlement programs under the Marxist
Derg government, during the 1970s and 1980s, households were
moved to seven randomly selected sites.3 The locations chosen for
resettlement were generally ill-suited for agriculture and in the ﬁrst
year of the program, as many as 5.5% of those resettled died of
starvation. In addition, as many of these locations were in the
western lowlands, many settlers died of diseases that did not exist
in the highlands. Cultural factors and ethnic strife generated
problems between the resettled and host populations. Ultimately,
as many as 14% of resettled families returned to their original homes
or moved to cities (Tareke, 2009).
A voluntary version of the resettlement program was
implemented under the present federal democratic government.sion, we do refer to the two areas, as a single lowland region.
3 In this case, random indicates that locations were not vetted for suitability,
beyond asking the question: is there space in the region? Further, individuals already
residing in the areas were not considered in any regard while planning occurred
(Pankhurt, 2009).
4 We initially tested by population density, as well as its square-term, in order to
test for nonlinearities in the data. However, we found that the square-term was
insigniﬁcant and suggested turning points of RPD which are not observed in Ethiopia.
Therefore, we omitted the term from the analysis.
5 Net primary productivity (NPP), a variable determined through remote sensing, is
a measure of the rate at which chemical energy is stored as biomass in a given period.
It is a useful proxy for agricultural production potential in a particular area, as it
measures the overall productivity for the region. In the dataset we use in this analysis,
NPP is measured as the mass in grams of carbon per square meter per year (Zhao
et al., 2005).
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being relocated were given a choice about doing so; the concerns
and issues of the host populations were not addressed (Pankhurt,
2009). As a result, the ‘‘voluntary’’ resettlement program was still
unsuccessful, primarily due to animosity from host populations.
Therefore, many resettlers returned to their original homes or mi-
grated to larger cities.
Land tenure
It is not surprising that the Ethiopian government’s resettle-
ment practices generated a sense of tenure insecurity among
smallholder farmers. As RPD has increased, tenure rights have be-
come even more tenuous.
All land in Ethiopia is ofﬁcially owned by the government.
Speciﬁc land use rights are granted to every Ethiopian who wants
to engage in agriculture. When this system was put in place in
1995, it generated increased demand for land, so the federal govern-
ment undertook a program of land reassignment to ensure that the
law was carried out. These new assignments of land were intended
to occur through administrative reallocation of land. However,
redistribution threatened the federal government’s popularity.
Therefore, in 1997 the constitution was updated, and the federal
government ceded the responsibility of redistribution and land allo-
cation to individual regions (Gebeyehu, 2013).
To this day, land policy remains dictated by the federal govern-
ment but is carried out by individual regional governments. Current
land policy does not allow for the sale of land, although inheritance
of land is legal (Ali et al., 2011). This landpolicy creates aweak rental
market (Teklu, 2008), encourages urban migration (de Brauw and
Mueller, 2012), and fosters a general feeling of tenure insecurity
(Devereux, 2000; Benin and Pender, 2001; Holden and Yohannes,
2002; Gebremedhin et al., 2003; Okumu et al., 2004; Deininger
and Jin, 2006; Pender et al., 2006; Pender and Gebremedhin, 2007).
In focus group discussions, participants also revealed that ten-
ure insecurity continues to inﬂuence input decisions and thus agri-
cultural productivity. Many farmers felt that insecurity increases
the amount of inputs they use in annual crop production, likely
to extract what they can from the land while they maintain control
over it. Although this is a perception from farmers in our ﬁeld
group surveys, there is also empirical evidence that the reverse
may actually be true (Pender, 1998). Previous literature on this is-
sue in Ethiopia is somewhat mixed, and Ali et al. (2011) ﬁnds that
households who are tenure-insecure do not make long-term
investments in coffee and chat production. Other studies suggest
that redistribution has improved access to inputs, increasing use
of fertilizer and staple crop yields (Benin and Pender, 2001; Holden
and Yohannes, 2002; Gebremedhin et al., 2003; Okumu et al.,
2004; Deininger and Jin, 2006; Pender et al., 2006; Pender and
Gebremedhin, 2007; Deininger et al., 2009).
In an effort to improve smallholders’ tenure security and for-
malize land rights, the government of Ethiopia recently began
implementing a nationwide formal registration program of nearly
20 million smallholder plots. Evidence suggests that the program
has helped increase land-related investments, and productivity
(Deininger et al., 2009; Holden et al., 2009). Although efforts have
been made to improve land rights in Ethiopia, tenure insecurity re-
mains an important issue.
Population growth
Exacerbating the issues of redistribution and insecure tenure is
the large increase in population throughout Ethiopia. With a Uni-
ted Nations’ projected growth rate of 3.2% annually, the population
is expected to reach 160 million people by 2050 (Population Refer-
ence Bureau, 2012). This growth is largely driven by the nation’syoung age structure, a fertility rate of 5.1 children per woman,
and fewer than 10% of women using contraception.
Ethiopia’s economy is dependent on agriculture, with the grow-
ing population relying on the land for their livelihoods. Agriculture
contributes 41% of gross domestic product (GDP) and over 85% of
employment in the country (World Factbook, 2012). Therefore,
the way in which Ethiopian farmers respond to increased popula-
tion pressures will have an impact on millions of smallholder
farmers, as well as on the food security of the nation.Methodology
This section presents the outline for our estimation of the im-
pact of RPD on landholding, factor prices, fertilizer demand per
hectare, crop yields, and farm income per hectare. We also discuss
the direct and indirect pathways through which RPD inﬂuences
these measures.
Our conceptual and empirical model is motivated by Boserup
(1965). We ﬁrst discuss the role of RPD on landholding and factor
prices. Second, we conceptualize how RPD inﬂuences a utility max-
imizing household’s demand for modern inputs per hectare, the
yield of staple crops, and farm income per hectare. Table 1 presents
a full list of explanatory variables used in our analysis.
Farm size and rural population density
Ex antewewould expect changes in RPD to inﬂuence cultivation
practices and farm size. As land rental markets in Ethiopia are thin
and under-developed, prices for land are an unreliable proxy for fac-
tor scarcity. Therefore, we use farm size as a proxy for land price.
Boserup (1965) postulates that when RPD increases, farming inten-
sity also increases, as farmersmove away from long-fallow towards
short-fallow practices, and ultimately to annual and multiple crop-
ping systems. Further, as population increases, and land is passed
down from parents to children, it is divided into smaller plots, leav-
ing less land for each household. Hence, over time, croppingwill be-
come more frequent and will be done on smaller plots of land.
Therefore, we estimate landholding l for household i at time t as:
lit ¼ aldt þ Xitfl þ Gtcl þ v lit ð1Þ
where the variable of interest l is the amount of land held by a
household, measured in hectares. In Eq. (1), RPD is represented by
dt, and al is the corresponding parameter.4 Household-level factors
including value of assets, whether the household lost land during
previous government land redistributions, the highest grade at-
tained by the head of the household, whether the household is fe-
male-headed, whether the household suffered a recent death, the
number of adult equivalents in the household, and the number of
oxen which the household owns is denoted by the matrix X, and fl
is the corresponding parameter vector. A set of community-level
variables including the number of agricultural cooperatives in the re-
gion, the distance from the village to the nearest to the agricultural
cooperative, the distance of the village to the nearest paved road, a
remote-sensing based estimate of net primary productivity5 (NPP),
elevation, and a ten-year rain average are denoted by the matrix G,
Table 1
Variables used in the empirical analysis, with deﬁnitions.
Dependent variables
Fertilizer use/cultivated area Kilograms of fertilizer used per cultivated area (hectares) in a year
Maize yield Kilograms of maize produced per hectare in a year
Teff yield Kilograms of teff (white) produced per hectare in a year
Income/cultivated area Farm income (birr) per cultivated area (ha) in a year
Landholding* Amount of land owned by a household (ha)
Daily wage* [Log] Wage rate for agricultural labor per day (birr)
Prices* [Log] Previous year prices (birr) of maize and teff per kilogram
Regressors
Rural population density (RPD)* Total rural population per square kilometer land – constructed using GRUMP estimates for
population and GlobCover 2009 population for land. Only the time average of this measure is
used, while the time-varying component is omitted
NPP Net productivity potential of the area
Elevation Elevation of the area of interest (meters)
Elevation squared Elevation squared of the area of interest (meters squared)
Value of assets Sum of value of assets of household (birr)
Agricultural cooperatives Number of agricultural cooperatives in the respective area
Distance to cooperative Distance, in kilometers, to the closest agricultural cooperative
Distance from the capital Distance, in kilometers, from the capital to the village
Distance to a paved road* Distance, in kilometers, from the village to a paved road
Rainfall 10-year average* Rainfall average for the ten years prior to the year of interest (mm)
Annual rainfall average* Rainfall average for the year of interest (mm)
Female headed household* Dummy variable: if household is female headed = 1
Recent death* Dummy variable: if household experienced recent death of adult (over 18) in household = 1
(proxy for shock to a household)
Land lost during redistribution Dummy variable: if household lost land during redistribution in 1995 = 1
Highest grade* Level of education attained by household head (0 through 14, with 13 indicating some college,
14 indicating college degree)
Adult equivalents* Number of adult equivalents in household
Oxen* Number of oxen owned by household
Note: The symbol * denotes that a time average of the variable is also included in regressions.
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by vl, and year dummies are also included.
Prices and rural population density
The effect of RPD on input prices comes from the theory of
induced innovation, adapted to the process of agricultural develop-
ment by Hayami and Ruttan (1970). The theory implies that as
population grows, ceteris paribus, land becomes scarce relative to
labor. The change in the land to labor ratio causes the price of labor
to decrease relative to the price of land. This implies that as RPD
grows, competition will increase for land, as well as work off-farm.
This will cause the price of land to increase, as discussed
previously, and the wage for labor to decrease.
We estimate the log of daily agricultural wages w for the house-
hold as follows:
logðwitÞ ¼ awdt þ Xitnw þ Gtcw þ vwit ð2Þ
where RPD is represented by dt, and aw is the corresponding
parameter. A matrix X of household-level factors is included, with
a corresponding parameter vector, nw. A matrix G of community-
level variables is included, with a corresponding parameter vector
cw. The error term is vw, and year dummies are also included.
We estimate the log of maize and teff price received by the
household as follows:
logðpcitÞ ¼ acdt þ Gtcc þ vcit ð3Þ
where the output price of interest, represented by pc, is either the
price of maize or the price of teff. The superscript c refers to param-
eters related to the prices of either maize or teff. We use lagged
prices, based on the previous rounds’ prices,6 in order to be able6 For the ﬁrst round in our data we use data collected in 1989. The year 1989 was
the ﬁrst round of the ERHS, but we have chosen not to use it in our study. This round
had fewer households than later rounds, and was also limited in scope in terms of
crop production questions. For 1995, we use 1994 prices, for 1997, we use 1995
prices, and so on.to connect this equation to other equations in the system of
equations, presented later.
Prices are determined primarily by community factors. As in
previous equations, dt represents RPD, while ac is the correspond-
ing parameter. A matrix of community-level variables is denoted
by Gt with a corresponding parameter vector, cc. The error term
is vc, and year dummies are also included.Demand for modern inputs and staple crop yield
We next discuss our estimation strategy for fertilizer use per
hectare, staple crop yield,7 and farm income per hectare. If higher
RPD is associated with higher price of staple food crops, and small
farms, this may induce a supply response where farmers adopt mod-
ern inputs like chemical fertilizer in order to increase output per unit
of land.8
Demand for chemical fertilizer, denoted by y, is denoted as
follows:
yit ¼ aydt þxy logðwitÞ þ py logðpitÞ þ kylit þ Ritqy þ Gtcy þ yit ð4Þ
where RPD is represented by dt, along with its parameter ay. Prices,
denoted by p, include the price of fertilizer and price of staple crops,
while l represents landholding, along with py and ky as the
corresponding parameters. Wage rate, w, is also included as an
explanatory variable along with its parameter, xy. A matrix of com-
munity-level variables is denoted by G, while cy is the correspond-
ing parameter vector. A matrix of household-level factors is denoted
by R, while q is the corresponding parameter vector. The error term
is y, and year dummies are included.
The equations for maize yield, teff yield, and farm income are
similar to Eq. (4).7 While we estimate the two crops separately, we deﬁne their respective equations
simultaneously, due to their similarities.
8 However, this assumes that farmers have adequate resources to access such
inputs as their farms become smaller.
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We hypothesize that population density affects input demand,
yields and farm income through direct and indirect pathways.
For example, in Eq. (4) the direct pathways represent factors such
as information ﬂow, transaction costs, and institutions that may
result from rising population density. The indirect pathways
through which population density impacts fertilizer demand are
measured through landholding, daily wages, and prices of maize
and teff, which are estimated in Eqs. (1)–(3).9 When the direct
and indirect pathways are summed, the total effect of RPD on
fertilizer demand is determined.
In order to derive the effect of RPD d on input demand, y, we
rewrite Eq. (4) as:
yit ¼ aydt þxy logðwitðdtÞÞ þ py logðpcitðdtÞÞ þ kylitðdtÞ þ Ritqy
þ Gtcy þ yit ð5Þ
The total derivative of y with respect to d is deﬁned as:
@yit
@dt
¼ ay þ @yit
@wit
 @wit
@dt
þ @yit
@pcit
 @pcit
@dt
þ @yit
@lit
 @lit
@dt
ð6Þ
where ay is the direct effect of RPD on fertilizer demand in this
equation. The indirect effect of RPD on fertilizer demand through
wage rates is equal to @yit
@wit
 @wit
@dt
. The indirect effect of RPD on fertil-
izer demand through maize and teff prices is @yit
@pcit
 @pcit
@dt
, while the
indirect effect of RPD on fertilizer demand through landholding is
@yit
@lit
 @lit
@dt
. The indirect effect plus the direct effect give us the total ef-
fect of RPD on fertilizer demand.
The effect of RPD on maize and teff yields and farm income are
derived in an analogous manner.
Estimation strategy
Each model is ﬁrst estimated on an equation-by-equation basis,
utilizing the correlated random effects (CRE) estimator. In order to
use the CRE estimator we decompose the error , as  ¼ bi þ uit ,
where bi represents the time constant unobserved heterogeneity
and uit represents the time-varying unobserved shocks.10 The CRE
estimator is based on the assumption that the unobserved heteroge-
neity takes on the form of bi ¼ wþ lMi þ uit , where uijjMit  Nð0;r2itÞ
and Mi is the time average of household level characteristics in all of
the equations (Mundlak, 1978; Wooldridge, 2010). To functionalize
the CRE estimator it is necessary to include Mi in the speciﬁcation
of the different equations. Adding Mi addresses potential correlation
between the entire history of the explanatory variables and the ran-
dom household effects, and should control for possible correlation
between covariates in the model and time constant unobserved het-
erogeneity that could bias our coefﬁcient estimates. In addition, we
include a rich set of control variables that should relieve concern
about RPD being correlated with omitted variables, so we argue that
this variable is conditionally exogenous in our equations. That being
said, just as with the case with any study using observational data,
care should be taken when inferring direct causality from our results.
In a linear model context, the CRE estimator produces coefﬁ-
cient estimates for the original (non-averaged) variables that are
identical to those generated by a household-level ﬁxed effects esti-
mator (Wooldridge, 2010). The additional beneﬁt from the use of
the CRE estimator is that it does not remove time-constant covar-
iates from the model, unlike a ﬁxed-effects speciﬁcation. As some
variables considered in our models do not vary over time, using9 Both the within and the time-average effects are included for all indirect factors.
We will discuss this and provide more information in the next section.
10 Unobservable factors include motivation, risk aversion, and inherent ability of
farmers.the CRE estimator allows us to keep them during the estimation
process. RPD is measured as the time average of population density
between waves of the survey because it is difﬁcult to accurately
measure population growth at the community level. Therefore
RPD is treated as time-constant in this study but its partial effects
can be estimated by using CRE. The CRE estimator is implemented
by running a simple pooled regression on the expanded model
speciﬁcations. In order to correct for heteroskedasticity and corre-
lation across time we use robust standard errors with non-zero
covariances at the household level (‘‘clustered’’ standard errors).
Based on this foundation, we next run the CRE-speciﬁcation as a
seemingly unrelated regression (SUR) model. As our system is non-
recursive, it is worth noting that this estimation is the same as
three-stage-least-squares (3SLS). Further, it allows for a relation-
ship between unobserved factors and observed variables. We
control for heteroskedasticity and correlation within households
in our equations with a clustered bootstrap procedure at the
household level (see Stata (2013) for details), running 500 repeti-
tions. The SUR setup assumes that equations are related, with the
errors correlated across the system. As expected, the estimation re-
sults for the equation-by-equation approach and the SUR approach
are very similar. Therefore, in our discussion of estimation results,
we concentrate on the more efﬁcient SUR results.Data
The data used in this article come from three different sources.
First, we use household-level data on smallholder farms in
Ethiopia. Second, we use GIS data, collected from the GRUMP and
GlobCover 2009 databases. Finally, we use qualitative data col-
lected in Ethiopia in May of 2012 during ﬁeld group discussions
conducted by the authors. All three sources are brieﬂy discussed
below.
Household-level data used in this study come from survey data
sets collected in Ethiopia by the International Food Policy Research
Institute (IFPRI). The Ethiopia Rural Household Survey (ERHS) is a
panel dataset tracking approximately 1500 households in eight
survey waves over the twenty-year period from 1989 to 2009.
We use the center six waves of the survey which follows 1293
households.
The households are located across 15 villages, which were se-
lected to cover diversity in the farming systems in the country,
including grain-plough areas in the highlands as well as the en-
set-growing areas in the lowlands (Dercon and Hoddinott, 2011).
Efforts were also made to include a span of population densities,
however, as the data only considers rural, and non-pastoral house-
holds, it is not considered to be nationally representative.
Estimates of rural RPD are derived from the Global Rural–Urban
Mapping Project (GRUMP) database. The dataset provides gridded
estimates of local population densities, beginning with sub-na-
tional census data, separating the urban and rural components,
and then allocating the resulting population numbers equally
across urban and rural space which has been divided into regular
grid cells of approximately one square kilometer.
Information on land resources was obtained from the global
land cover dataset, GlobCover 2009. This dataset has two deﬁni-
tions of arable land. First, land that is classiﬁed explicitly as mainly
or partially under crops is denoted as (actual) arable land. Second,
potential arable land is classiﬁed as all land cover classes which are
likely to support conversion to agricultural usage. We use the lat-
ter, broader deﬁnition in our analysis, as this broader deﬁnition of
land allows for the capture of all potential uses of land by rural
Ethiopian farmers.
To generate the RPD term, we took the estimates of population
from GRUMP and divided those numbers by the estimates of land
Table 2
RPD: percentiles and mean.
Percentile 10th 25th 50th 75th 90th Mean
RPD (persons/km2) 80 107 158 279 394 210
A.L. Josephson et al. / Food Policy 48 (2014) 142–152 147from GlobCover 2009. In doing so, we determine the number of
persons per square kilometer, or RPD. Our RPD term is observed
at the community-level, and does not vary over local groups of
households. Therefore, although we have six rounds of data, as
there are only 15 villages in the survey, we have 90 different
RPD observations.11
Finally, we utilize ﬁeld group surveys conducted in 12 of the 15
ERHS villages in May of 2012. Using questions designed to gain
qualitative information about farmers’ perceptions regarding
population growth, land use, farming practices, children, and the
future, we use their answers to extend our quantitative analysis
and support the resulting conclusions. The primary concerns of
focus group participants were the rapid population growth across
the country and the limited creation of new area suitable for agri-
culture, which in the past has generally been done by the govern-
ment. These discussions made clear the challenges facing different
communities, as well as measures being undertaken to address
these problems in various villages.Empirical results
This section presents the quantitative and qualitative results of
our study including descriptive statistics and regression results, as
well as insights from our ﬁeld group discussions, which are woven
into our discussion throughout the text. We ﬁrst present descrip-
tive statistics on the relationship between RPD and agricultural
intensiﬁcation. Subsequently, we discuss our regression results
and the total effects of RPD on agricultural productivity.
Descriptive statistics
Based on agricultural data from the ERHS and RPD data derived
from GRUMP and GlobCover 2009, we construct six lowess
smoothing graphs where RPD is on the x-axis and the measures
of agricultural intensiﬁcation are on the y-axis.12 In order to put
these graphs in context, we include Table 2 that shows different
points in the RPD distribution.
The descriptive ﬁgures illustrate the unconditional effects of
RPD on the factors of interest, as they do not hold all other factors
constant as in a regression context. As such, Fig. 1 provides, de-
scribes and illustrates general trends for agriculture in Ethiopia,
which are instructive for informing the overall results of our anal-
ysis and conclusions.
In Fig. 1(a), the amount of land held by each adult equivalent
decreases almost continuously as RPD increases, up to a very high
level of RPD, at which point there is a slight increase. In Fig. 1(b)
there is a similar result, as the number of adult equivalents per
area cultivated increases as population grows, although there is a
slight decline just below 400 people per square kilometer. These
measures, although they are similar, are not perfect inverses, as11 One limitation of this measure of population density is that estimated population
values at different points in time are based on highly aggregated growth rates. This is
major reason to prefer a CRE formulation over a household ﬁxed effect or other
differencing strategy to control for unobservables. The CRE formulation keeps time-
averages of all variables in the model so the estimates are likely more reliable in this
context.
12 Lowess graphs provide a locally weighted, smoothed scatterplot. The function
generates a new variable which, for every y-variable, contains the corresponding
smoothed value. The smoothed values are obtained by running a regression of the y-
variable on the x-variable. The regression is weighted so that the central point (xt, yt)
gets the highest weight and points that are further away receive less weight.
Estimated regression lines are used to predict the smoothed value for the y-variable
only. This is repeated for all remaining values. Lowess is considered to be a desirable
smoother due to its locality – it tends to follow the data. Polynomial smoothing
methods, for example, are global in what happens on the left of a scatterplot, and can
therefore inﬂuence ﬁtted values on the right. The same is not true for a lowess
smoothing method due to its central focus (see Stata (2013), for details).Fig. 1(a) considers landholding (land owned by a household), while
Fig. 1(b) considers the area cultivated (land cultivated by a house-
hold). As the quantity of land in an area is ultimately ﬁxed, less
land is available for each individual as population grows, causing
the landholding per adult equivalent to decrease. It is worth noting
that in Fig. 1(b), the fall is not as dramatic as in Fig. 1(a). While land
owned decreases, land cultivated may not decrease by as much, as
some households may still be able to participate in rental or share-
cropping activities, hence allowing cultivated area for each family
to remain relatively high. However, this suggests that the land is
used more intensively as RPD rises, perhaps through declining fal-
low periods or transfer of land to those who use it most efﬁciently.
Together, these graphs are both generally consistent with
Boserup’s theory of population and intensiﬁcation.
With rising population, and declining farm size, we also observe
decreasing farm income per adult equivalent Fig. 1(c), and declin-
ing asset value per adult equivalent Fig. 1(d). This is likely a result
of more people in an area, as even if a household has more assets or
is earning more income, there are more family members between
whom the money must be divided.
These ﬁgures also suggest that coping strategies to combat
increasing difﬁculties may be problematic. First, fertilizer use per
hectare increases as RPD rises Fig. 1(e), but the ﬁgure shows that
there may be a RPD threshold beyond which fertilizer intensiﬁca-
tion is not possible. This is shown with a plateau around 200 peo-
ple per square kilometer, after which little to no change in fertilizer
use occurs. There could be many reasons for this, including limited
marginal response from staple crops to fertilizer after a certain le-
vel of application, credit constraints, and diversiﬁcation to crops
which do not require fertilizer. Frequently in our ﬁeld group dis-
cussions from May 2012, participants discussed lack of available
credit as being a signiﬁcant barrier that prevented them from pur-
chasing more fertilizer. This is likely worse in areas of high RPD,
where small farm sizes greatly limit credit availability. Addition-
ally, our focus group discussions revealed that some farmers in
densely populated areas have diversiﬁed into to tree crops, such
as coffee and chat, as they generally require very little fertilizer.13
Additionally, daily agricultural wage rate Fig. 1(f) shows an in-
verted-U relationship over the population density distribution. The
initial increase of wage rates at low and medium levels of popula-
tion density may suggest that there could be some competition to
attract labor with higher wages in places where labor is scarce
relative to land. Around the 250 people per square kilometer, wage
rates move downwards, as labor becomes abundant relative to
land. This is consistent with both Boserup and the induced innova-
tion hypothesis. Based on discussions in our ﬁeld group surveys,
we found that although many farmers say they would like to work
off-farm, the opportunities are often sparse and wage rates are low.
Together these ﬁgures suggest a story of declining farm sizes,
coupled with decreasing farm income and asset values at higher
population densities. Coping strategies may not be successful due
to limits of fertilizer use and low daily wages. Overall, this series13 Many farmers have also diversiﬁed into other cash crops, including vegetables,
such as green beans and other legumes, as well as livestock production. For this
discussion, we only mention tree crops, as they are the most popular cash crop in
Ethiopia, vegetable crops still require fertilizer, and livestock production is outside the
scope of this article.
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Fig. 1. Landholding per adult equivalent (a), adult equivalents per cultivated area (b), farm income per adult equivalent (c), (d) asset value per adult equivalent, (e), fertilizer
use per cultivated area and (f) daily agricultural wages.
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constrain agricultural productivity and household income.
Estimation results
In this section, we present results for factors inﬂuencing fertil-
izer demand per hectare, maize and teff yields, and income per
hectare, using the linear correlated random effects speciﬁcation
estimated with a seemingly unrelated regression (SUR) estimator.
Landholding and prices
We ﬁrst consider factors that inﬂuence household landholding,
the results of which can be found in Table 3, column (1). The coef-
ﬁcient on RPD, located in column (a) indicates that higher RPD is
associated with signiﬁcantly smaller landholding. This effectsuggests that, on average, a 10 person increase in RPD is associated
with a 0.37 ha decrease in landholding. The magnitude of this
effect is quite large considering that the median landholding of
households in our sample is 1 ha. This ﬁnding points to serious
land constraints for smallholders in areas of high RPD.
Of the other explanatory variables, the highest grade attained
by the head of household and the distance to an agricultural
cooperative are both associated with increased landholdings.
Conversely, if a household is female-headed or if there are a large
number of agricultural cooperatives in the area, their landholding
is lower on average. Furthermore, the dummy variable for whether
or not the household lost land during the 1995 redistribution is
statistically signiﬁcant. As discussed in the background section,
massive land redistributions have taken place for decades in
Ethiopia. The results suggest that if a family lost land, they now
Table 3
Factors affecting landholding, wage rates, maize prices, and teff prices.
Covariates (1) (2) (3) (4)
Landholding Log of daily wage Log of maize price Log of teff price
Coefﬁcient Standard
error
Coefﬁcient Standard
error
Coefﬁcient Standard
error
Coefﬁcient Standard
error
RPDb,a 0.37*** (0.004) 0.07* (0.0002) 0.06*** (0.0001) 0.007*** (0.0001)
Value of assetsb,a 0.0002 (0.0003)
Land lost during redistributiona 0.19** (0.07)
Highest grade completed by head of
household
0.02** (0.01) 0.01** (0.004)
Female headed household 0.11** (0.05) 0.02 (0.02)
Recent death in household 0.04 (0.03)
Number of adult equivalents 0.003 (0.01)
Number of oxen 0.02 (0.06)
Number of agricultural cooperativesa 0.20*** (0.05) 0.03 (0.03) 0.38*** (0.009) 0.002 (0.007)
Distance to capital 0.002*** (0.0001) 0.0004*** (0.0001)
Distance to agricultural cooperativesa 0.06*** (0.01) 0.04*** (0.04) 0.015*** (0.002) 0.01*** (0.001)
Distance to paved road 0.002 (0.01) 0.004 (0.003) 0.01*** (0.001) 0.01*** (0.001)
Ten year rain average 0.001*** (0.0004) 0.003 (0.0002) 0.0004*** (6.2e06) 1.44e05 (3.5e05)
Net primary productivitya 1.8e04*** (2.46e05) 0.001*** (7.39e06) 5.3e05*** (4.9e06)
Elevationa 0.002*** (0.001) 0.003*** (0.0004) 0.001*** (0.0003) 0.002*** (0.0001)
Elevation2a 4.18e07 (1.75e07) 8.75e07*** (8.84e08) 3.4e07*** (7.68e08) 5.55e07*** (3.69e08)
No. of observations 7758 7758 7758 7758
R2 0.35 0.63 0.74 0.53
Note: The model also includes the time average of time-varying covariates and year dummies.
Statistical signiﬁcance is indicated by ***, ** and * for the 1, 5 and 10% level, respectively.
a Time-invariant factor.
b A variable has been scaled by 10.
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land. Once again, with a median farm size in our sample of 1 ha,
0.19 ha composes about a ﬁfth of the average holding, and there-
fore comprises a substantial part of an average household’s land.
Next we consider the results for factors inﬂuencing the log of
daily agricultural wage, shown in column (2) of Table 3. The direct
effect of RPD, which can be found in column (a), indicates that a 10
person increase in RPD is associated with a decrease in daily wage
rates of about 7.0%, on average.14 This is as expected based on
expectations from Hayami and Ruttan (1970). As there are more peo-
ple willing to work in a region, wages are likely to decline, as de-
mand for jobs is larger than their supply. Several household and
community variables are also signiﬁcant in inﬂuencing daily wage
rates. First, the coefﬁcient for highest grade attained by the house-
hold head is negative and signiﬁcant, and suggests that more educa-
tion does not lead to higher wages. The results suggest that an extra
grade of schooling decreases wage rates by 1.0%, on average. This
may seem surprising at ﬁrst but it follows some of our focus group
discussions where many participants noted that more education
does not necessarily lead to a better jobs, due to variable quality in
education and limited job opportunities that require a high level of
education.
Next, the results for factors inﬂuencing the log of maize and teff
prices are presented in Table 3, columns (3) and (4) respectively.
The results of RPD on these prices, shown in column (a) of each
indicate that overall, RPD have a positive effect on maize price
and a negative effect on teff price. As population increases, a 10
person increase in RPD increases maize price 6% and decreases teff
price by approximately 0.7%, on average. This ﬁnding about teff
may seem counter-intuitive, as we expect prices to increase with
the rising demand of higher RPD areas, but the magnitude of the
coefﬁcient for RPD in the teff equation is relatively small. Location,
represented by distances to paved roads, the capital, and agricul-
tural cooperatives also play an important role in determining these
prices, suggesting that prices have a great deal of variation by loca-14 This coefﬁcient estimate is a semi-elasticity.tion and, ultimately, that proximity to amenities is important for
both crops.Fertilizer use per hectare
We estimate factors inﬂuencing fertilizer use per hectare in or-
der to understand drivers of fertilizer demand and input intensiﬁ-
cation in Ethiopia. The results for this can be found in Table 4,
column (1). We focus on the direct effect, found at the top of the
column, as well as the joint indirect and total effects, found at
the bottom of the table. The results indicate that RPD has a positive
effect on fertilizer intensiﬁcation. The joint direct effect of RPD sug-
gests that a 10 person increase in RPD is associated with a modest
increase in fertilizer use per hectare of approximately 1.82 kg. The
effect is statistically signiﬁcant at the 1% level. The total effect
(direct + indirect effect) suggests that a 10 person increase in
RPD is associated with a 2.69 kg increase in fertilizer use per hect-
are, on average. This ﬁnding suggests that fertilizer demand is
mainly driven directly by RPD, rather than indirectly through land-
holding, wage rates and food prices. Market and institutional
development occurring in areas of high RPD could be helping farm
intensify, allowing for this increase. For example, in some regions,
the government may make fertilizer available to farmers in highly
populated areas, in order to help them intensify.
Additionally, several household characteristics have signiﬁcant
effects on fertilizer demand per hectare. Households with greater
landholding tend to use less fertilizer per hectare, as they likely
farm less intensively than do farmers with less land. We ﬁnd
evidence that market access impacts fertilizer demand, as house-
holds in areas with more cooperatives demand signiﬁcantly more
fertilizer. In addition, households further from a paved road de-
mand signiﬁcantly more fertilizer. This may seem surprising, but
it could be that households further from paved roads are more
dependent upon agriculture as opposed to non-farm activities.
Rainfall, elevation, and elevation-squared are also statistically sig-
niﬁcant. This indicates the importance of location and agronomic
conditions in determining the demand for and the use of inputs.
Table 4
Factors affecting fertilizer demand, maize supply, teff supply, and farm income.
Covariates (1) (2) (3) (4)
Fertilizer demand per hect. Maize yield Teff yield Farm income per hect.
Coefﬁcient Standard
error
Coefﬁcient Standard
error
Coefﬁcient Standard
error
Coefﬁcient Standard
error
RPD: direct effectb,a 1.82*** (0.04) 7.17*** (0.34) 2.11 (26.5) 2.70 (184.55)
Value of assetsb,a 0.0002 (0.0002) 0.01*** (0.004) 6.0e04 (0.002) 1.54 (1.26)
Land lost during redistributiona 1.11 (3.52) 3.57 (43.24) 246.83*** (50.04) 57,045 (41,143)
Highest grade completed by head of
household
0.12 (0.24) 25.16** (10.41) 12.13** (5.27) 28,537 (33,618)
Female headed household 3.69 (2.23) 183.32* (81.25) 29.34 (35.28) 5388 (15,740)
Recent death in household 0.82 (1.35) 105.43* (48.43) 46.91* (26.11) 83,088 (84,743)
Number of adult equivalents 0.40 (0.43) 2.44 (16.28) 0.37 (10.40) 64,276 (81,170)
Number of oxen 0.90 (0.61) 21.70 (18.06) 41.76** (17.33) 141,630 (118,261)
Landholding 8.08*** (1.42) 15.12 (22.09) 109.47*** (20.00) 63,315** (27,505)
Fertilizer price 3.53 (4.19) 253.49 (279.78) 28.45 (96.06) 90,618*** (39,793)
Daily wage 1.86 (1.37) 166.71** (57.60) 18.72 (37.84) 2953 (42,071)
Teff price 5.28 (4.48) 360.48*** (133.01) 128,695 (186,208)
Maize price 0.92 (8.06) 530.55*** (182.93) (46,017)
Distance to cooperativea 0.50 (0.59)
Number of cooperativesa 50.97*** (3.74)
Distance to paved road 1.12*** (0.20)
Net primary productivitya 0.003 (0.002) 0.10*** (0.02) 0.08*** (0.016) 29.59 (20.21)
Ten year rain average 0.08*** (0.03)
Annual rainfall 0.07 (0.08) 0.06** (0.04) 38.82 (50.91)
Elevationa 0.14* (0.07) 6.30*** (0.62) 2.87*** (0.71) 263.07 (577.48)
Elevation2a 3.66e05* (1.89e06) 0.002*** (1.59e04) 0.001** (0.0002) 0.05 (0.13)
RPD: indirect effect 0.87*** 12.54 1.47 259*
RPD: total effect 2.69*** 5.37 0.64 257*
No. of observations 7758 7758 7758 7758
R2 0.31 0.16 0.31 0.01
Note: The model also includes the time average of time-varying covariates and year dummies.
Statistical signiﬁcance is indicated by ***, ** and * for the 1, 5 and 10% level, respectively.
a Time-invariant factor.
b A variable has been scaled by 10.
150 A.L. Josephson et al. / Food Policy 48 (2014) 142–152Maize yield
The results of the maize yield equation can be found in Table 4,
column (2). The direct effect, found at the top of the column sug-
gests that a 10 person increase in RPD is associated with an addi-
tional 7.17 kg of maize per hectare on average. The effect is
statistically signiﬁcant at the 1% level. However, the joint indirect
and total effects are not statistically signiﬁcant. It seems that
RPD may increase yields directly through improvements in mar-
kets and information ﬂow, but the joint indirect effects of smaller
landholdings, and lower wage rates even in the face of higher
maize prices, offset the direct effects and make the total effect sta-
tistically insigniﬁcant.
The results from column (1) also indicate that daily wage rates
and maize price have a positive impact on maize yield directly.
This makes sense, as areas with higher wage rates may be more
productive, and if farmers believe that they are able to get a high
price for maize produced, they are likely to attempt to increase
yields. In addition, several other community and household-level
factors inﬂuence maize yield. The value of assets, the education
of the head of household, a recent death in the household, and
being a female headed household increases maize yield. Several
community variables are also signiﬁcant, including net primary
productivity, elevation, and elevation-squared. These suggest that
maize yield is dependent on agro-ecological factors, and that loca-
tion is deterministic of maize yield.15 As mentioned previously, in this case we are considering short-term investments,
which may explain some of the differences between these results and those found in
the Ali et al. (2011) study.Teff yield
Teff is the second crop in our study used to examine the impact
of RPD on staple crop yield. The results for the teff supply equation
can be found in Table 4, column (3). Table 4 includes the direct and
total effects of RPD on teff yield. These results can be found at thetop and bottom of column (3) respectively. They indicate that the
direct and total effects of RPD on teff yield are individually and
jointly insigniﬁcant, suggesting that RPD does not inﬂuence teff
yield. Unlike the case of maize where direct effects of RPD seems
to help increase yields, we do not ﬁnd any evidence that direct
or indirect effects are causing farmers to increase teff productivity.
Several community and household level factors inﬂuence teff
yield. An additional ox per household increases teff yield, while a
recent death in the household, and an additional year of schooling
decreases teff yield. Several price factors also drive teff yield. Teff
price positively drives teff yield, while landholding negatively
inﬂuences teff yield. Several community variables are also statisti-
cally signiﬁcant, including net primary productivity, rainfall, eleva-
tion, and its square term. Together, these suggest that teff yield is
dependent on agro-ecological factors, and location is crucial in
determining yields.
Additionally, if a household lost land during redistribution
inﬂuences teff yields, increasing it by 246.83 kg, on average. This
suggests that households which lost land are now incentivized,
at least for teff, to produce more than if they did not lose land.
As mentioned in the background section, previous literature on
this issue in Ethiopia is somewhat mixed, and includes Ali et al.
(2011) who ﬁnd that households who are tenure insecure do not
make long-term investments in coffee and chat production.15 How-
ever, teff is an annual crop, and our ﬁnding is supported by other
studies including Benin and Pender (2001), Holden and Yohannes
(2002), Gebremedhin et al. (2003), Okumu et al. (2004), Deininger
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(2007), and Deininger et al. (2009), which suggests that redistribu-
tion has improved access to inputs, increasing use of fertilizer and
staple crop yields.
Farm income per hectare
Finally, farm income per hectare is used in our analysis to mea-
sure the effect of RPD on overall farm productivity. The results for
the farm income equation can be found in Table 4, column (4). The
direct effect can be found at the top of the column and suggests
that there is no statistically signiﬁcant effect on farm income from
an increase in RPD. However, the overall effect at the bottom of
column (4) is marginally statistically signiﬁcant as a 10 person in-
crease in RPD reduces farm income per hectare by 257 Birr (about
US $ 13.50) on average. The effect of RPD on farm income per
hectare operates through the indirect pathways of landholding
and factor prices. This ﬁnding is consistent with other results from
Table 4, as farmers use more fertilizer in areas of higher RPD, but
do not achieve higher yields. Therefore, they spend more money
on inputs while achieving no signiﬁcant increase in productivity,
thus lowering their income. This supports the idea of a Cochrane’s
treadmill, in which farmers increase input use in order to stay
where they are rather than experiencing a decline in productivity.
In addition, column (4) of Table 4 shows that higher landhold-
ing is associated with lower farm income per hectare. Households
with more land may farm less intensively and obtain lower income
per hectare, even if they have higher income overall. Higher fertil-
izer prices are also associated with lower farm income per hectare.
This is what we would expect as higher fertilizer prices increase
the cost of production.16Conclusions
The objective of this study is to estimate the impacts of rural
population density on agricultural intensiﬁcation, productivity,
and farm income in Ethiopia. We evaluate the direct channels
through which RPD impacts intensiﬁcation and productivity, in
terms of fertilizer demand per hectare, maize and teff yields, as
well as through farm income per hectare. In addition, we estimate
the indirect effects that RPD has on agricultural productivity and
intensiﬁcation and income through its effect on landholding, wage
rates, fertilizer price, and maize and teff price. Dramatic increases
in RPD and corresponding difﬁculties in access to land suitable for
agricultural activities are prevalent throughout Ethiopia and are
likely to persist as rural population densities continue to increase
in the country.
The overall picture which emerges from this study is that high
rural population density creates a situation where farmers are un-
able to sustainably intensify staple crop production. We ﬁnd that
increases in population density are associated with declining farm
sizes. In addition, we ﬁnd that fertilizer use increases for higher
levels of population density, but higher RPD is not associated with
higher maize and teff yields. Correspondingly, higher RPD is
associated with a decline in farm income on a per hectare basis.
These results suggest the existence of a Cochrane’s treadmill
where farmers are simply running in place, intensifying input
use, but not increasing staple crop yields, resulting in a decline in
farm income per hectare. Farmers may use more fertilizer as a re-
sponse to negative conditions, such as declining soil fertility,16 It is worth noting that tree crops form an important source of income for many
households with limited land. In our data, area allocated to coffee and chat is nearly
constant over the waves of the survey. However, in many cases coffee area is being
replaced with chat, likely a result of increasing prices for chat, due to increased
exports and demand throughout North Africa. This translates to an increase in share
of household income from tree crops over time in our survey.resulting from continuous cultivation and declining fallow periods
caused by higher RPD. Additional fertilizer may enable farmers to
maintain a base level of productivity, at the expense of lower per
hectare income due to the added cost of purchasing fertilizer with
little yield response.
The results of this study lead to the following policy recommen-
dations. First, the Ethiopian government needs to develop a
functioning land market, to combat the problem of declining farm
sizes in the face of rising RPD. Enabling households to legally buy,
sell and rent land enables factor mobility, and would encourage
households who would rather leave agriculture to receive compen-
sation should they choose to transfer their land to those who will
use it more productively.
Second, results from our study ﬁnd that agro-ecological factors
such as net primary productivity impact maize yields. Therefore,
the government of Ethiopia needs to continue investing in exten-
sion services that will train farmers in better soil management
practices. This can help improve soil organic matter and help im-
prove staple crop response rates to inorganic fertilizer.
Third, tenure insecurity and past land redistribution practices
inﬂuence present farming patterns in Ethiopia, and must continue
to be addressed. We ﬁnd that, at least in the short term, people ob-
tain higher teff yields if they previously lost land during redistribu-
tion compared to other households. While other studies have
found that tenure insecurity leads to lower long term investments
(Ali et al., 2011), since teff is an annual crop, less secure households
may mine the soil in order to extract what they can from the land
while they have it.
The effects of population density and tenure insecurity are
intertwined, because areas with higher RPD may have better
market access, but having better market access may create more
tenure insecurity as the land becomes more valuable to others.
For example, focus group participants in the village of Sibrana, near
a main road to Addis Ababa, reported that access to input markets,
and output markets are good, and they are able to be productive
today. However, the fact that they are living in an area with good
infrastructure makes them feel insecure about their tenure situa-
tion in the future. While the government’s formal land titling pro-
gram has shown some evidence of being successful (Deininger
et al., 2009; Holden et al., 2009), this program should be scaled
up and the laws behind it strengthened to ensure smallholders’
land rights. This will incentivize them to make long term invest-
ments that improve soil fertility, make inorganic fertilizer more
effective, and boost staple crop yields and income. These changes
will help smallholders in Ethiopia and elsewhere in SSA combat
the threat that rising population density poses to their livelihoods.References
Ali, D.A., Dercon, S., Gautam, M., 2011. Property rights in a very poor country: tenure
insecurity and investment in Ethiopia. Agric. Econ. 42, 75–86.
Baerenklau, K.A., 2005. Toward an understanding of technology adoption: risk,
learning, and neighborhood effects. Land Econ. 81 (1), 1–19.
Benin, S., Pender, J., 2001. Impacts of land redistribution on land management and
productivity in the Ethiopian highlands. In: AAEA Meeting Selected Paper,
August 2001.
Boserup, E., 1965. The Conditions of Agricultural Growth: the Economics of Agrarian
Change Under Population Pressure. Aldine Publishing Company, Chicago.
Cochrane, W., 1958. Farm Prices: Myth and Reality. University of Minnesota Press,
St. Paul.
Conley, T.G., Udry, C.R., 2010. Learning about a new technology: pineapple in hana.
Am. Econ. Rev. 100 (1), 35–69.
de Brauw, A., Mueller, V., 2012. Do limitations in land rights transferability
inﬂuence mobility rates in Ethiopia? J. Afr. Econ. 6 (6), 1–32.
Deininger, K., Jin, S., 2006. Tenure security and land related investment: evidence
from Ethiopia. Eur. Econ. Rev. 50 (5), 1245–1277.
Deininger, K., Ali, D.A., Alemu, T., 2009. Impacts of certiﬁcation on tenure security,
investment, and land markets. Environ. Dev.
Dercon, S., Hoddinott, J., 2011. The Ethiopian Rural Household Surveys 1989–2009:
Introduction. International Food Policy Research Institute.
152 A.L. Josephson et al. / Food Policy 48 (2014) 142–152Devereux, S., 2000. ‘‘Food Insecurity in Ethiopia’’, Discussion paper for DFID.
Ethiopian Review, 2013. History: Ethiopia. <http://www.ethiopianreview.net>.
Drechsel, P., Gyiele, L., Kunze, D., Coﬁe, O., 2001. RPD, soil nutrient depletion, and
economic growth in sub-Saharan Africa. Ecol. Econ. 38 (2001), 251–258.
Foster, A.D., Rosenzweig, M.R., 1995. Learning by doing and learning from others:
human capital and technical change in agriculture. J. Polit. Econ. 103 (6), 1176–
1209.
Gebeyehu, Z.H., 2013. Towards improved transactions of land use rights in Ethiopia.
In: Annual World Bank Conference on Land and Poverty, 2013, Washington, DC.
April 8–11, 2013.
Gebremedhin, B., Pender, J., Ehui, S., 2003. Land tenure and land management in the
northern highlands of Ethiopia. Ethiopian J. Econ. 8 (2), 47–63.
Hayami, Y., Ruttan, V., 1970. Factor prices and technical change in agricultural
development: the United States and Japan, 1880–1960. J. Polit. Econ. 78 (5),
115–141.
Holden, S., Yohannes, H., 2002. Land redistribution, tenure insecurity, and intensity
of production: a study of farm households in Southern Ethiopia. Land Econ. 78
(4), 573–590.
Holden, S.T., Deininger, K., Ghebru, H., 2009. Impacts of low-cost land certiﬁcation
on investment and productivity. Am. J. Agric. Econ. 91 (2), 359–373.
Jayne, T.S., Chamberlin, J., Muyanga, M., 2012. Emerging land issues in African
agriculture: implications for food security and poverty reduction strategies. In:
Paper Presented as Part of Stanford University’s Global Food Policy and Food
Security Symposium Series, sponsored by the Center for Food Security and the
Environment and the Freeman Spogli Institute for International Studies, January
12, 2012, Stanford, California.
Levins, R.A., Cochrane, W., 1996. The treadmill revisited. Land Econ. 74 (4), 550–
553.
McMillan, M.S., Masters, W.A., Kazianga, H., 2011. Rural demography, public
services, and land rights in Africa: a village-level analysis in Burkina Faso. In:
NBER Working Paper Series.
Mundlak, Y., 1978. On the pooling of time series and cross section data.
Econometrica 46 (1), 69–85.Okumu, B., Russell, N., Jabbar, M.A., Colman, D., Mohamed Saleem, M.A., Pender, J.,
2004. Economic impacts of technology, population growth and soil erosion at
watershed level: the case of the Ginchi watershed in Ethiopia. J. Agric. Econ. 55
(3), 503–523.
Pankhurt, A., 2009. Moving People in Ethiopia: Development, Displacement, and the
State. Bodell and Brewer, Rochester, New York.
Pender, J., 1998. Population growth, agricultural intensiﬁcation, induced innovation
and natural resource sustainability: an application of neoclassical growth
theory. Agric. Econ. 19, 99–112.
Pender, J., Gebremedhin, B., 2007. Determinants of agricultural and land
management practices and impacts on crop production and household
income in the highlands of Tigray, Ethiopia. J. Afr. Econ. 17 (3), 395–450.
Pender, J., Place, F., Ehui, S., 2006. Strategies for Sustainable Land Management in
the East African Highlands. International Food Policy Research Institute, World
Agroforesty Centre, The World Bank.
Population Reference Bureau, Data Finder, August 2012. <http://www.prb.org>.
Stata Base Reference Manual, 2013. Release 12. Stata Press Publication, StataCorp
LP, College Station, Texas.
Tareke, G., 2009. The Ethiopian Revolution: War in the Horn of Africa. Yale
University, New Haven.
Teklu, T., 2008. Land Scarcity, Tenure Change, and Public Policy in the African Case
of Ethiopia: Evidence of Efﬁcacy and Unmet Demands for Land Rights. United
States Census Bureau: International Data Base 2012. January 6.
Tittonell, P., Giller, K.E., 2013. When yield gaps are poverty traps: the paradigm of
ecological intensiﬁcation in African smallholder agriculture. Field Crops Res.
143, 76–90.
Wooldridge, J.M., 2010. Econometric Analysis of Cross Section and Panel Data,
second ed. MIT Press.
World Factbook, 2012. Central Intelligence Agency, Library Publications.
Zhao, M., Heinsch, F.A., Nemani, R.R., Running, S.W., 2005. Improvements of the
MODIS terrestrial gross and net primary production global data set. Remote
Sens. Environ. 95, 164–176.
